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1. INTRODUCTION

Soil cartogmphy m CentralBrazil is available only in large scales. The increased agriculturepressure over
these lands requirebasic soil knowledge obtainable m more detailed surveys.Data collectedby hyperspectral
sensorsmay representa valuablesourceof informationfor soil scientists,mainly in the distinctionof mineralogical
classes,

Previous studies have ahownthe possibility touseindicesdeveloped ftom high-resolution diffbse
reflectance spmra obtained m laboratoryto estimate hematite content, and the Ki mtio (molecular ratio of SiOz and
A1203).In this work we use AVIRIS data to ver@ the possibilities offered by hyperspectml @ to diffixntiate
tropical soils minemlogy.

AVIRIS data from Silo Jo~o DAlianw dishict, Goi4s state (950816L2scene 3) after atmospheric
correctionand reflectancetransformaticmwere used. Fieldwork was conductedto sample the main soil units. ‘fhe
location of the sampledpoints was obtainedwith a GPS, whih allowed the preciseploaing m the image, Samples
were airdried and sievedto 2 mm beforebeing used for laboratorydetermiutkm of 400 to 2500nm spectml
reflectance.X ray diffi-actionof these sampleswere also olxa.ined

Most of the scene considered w covered by crop residues, pastureandnative Ccmado vegetation with
only a few hundredheclares of bare soils. The bare soil areas were considered m this work. Kaolinite, goethite and
quartzwere present mall samples. Gibbsite and hematite were also ~esent m some sampled soils. Features
attributableto kaolinite, gibbsite, hematite and goethite were clearly detected in the spectra obtained m the
Iaboratay and m the AVIRIS data. The occurrence of these minerals was conllrmed by the X-ray di.fliaction data.

2. SPECTRAL CHARACTERISTICS OF THE MAIN MINERALS OF TROPICAL SOILS

Tropical soils are usuallyhighly weather~ duemainly to warm and wet cW. ‘fheir mineralogy is
characterizedby a reducd number of compommtswith kaolinite, iron and aluminum oxides as the most frequent
minerals m the clay Iiactian and quark m the sand and silt ilactions, ‘he amounts and proportions of these
components are importantfor soil classification and managenxmt. l%e knowledge of reflectance spectraof these
components is impoztantfor *tion of image spectroscopy for soil studies applications.

2.1 Kaolirdte (A12SiO~(OH)4)

Kaoliniteis the most frequentclaymineral found m tropical soils. Its reflectancespectrahave characteristic
sha3p.fatures m the reflectedi.nhred region. ‘l’hekaolinite presents its main spectra f-s associated to the
molecularvibrationsof the OH of its crydline net. In the near infia.redthe most perceptiblefeaturesare associated
to the oveztonesof !irndarmmtalOH-stretchingmode (2s) m 1400nm and to combinationsrnvolvingOH-stretching
and Al-OHbendingmodes (d+ s), m 2200 nm (Hlavayet 4 1977),‘l’heFigure 1presents the difh.se reflectance
spectra of a kaolinite samplefrom Mesa Alta (Nw Mexico).
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Figure 1. Difhse reflectance spectm of a kaolinite sample, entitkxl CM9 of the USGS spectral library, from Mesa
Alk (NOWMexico), show abso@on’s band. -

2.2 Gibbsite (&OS 3H#)

Soils, which have been stijecl to pronouncedalteratiw like the oxisols located m the old erosion smfaces,
may present a large amount of gibbsite on their composition. In some cases it may be the most importantmineral m
the clay fraction.

Gibbsite, as kaolin.ite,presents spectral f~es due to OH vibrations. In the near tied gibbsite presents
harmanic molecular vibrations (2s) close to 1550 nm and the cxxnbinationsof the type d +s close to 2300 nm (Hunt
et@ 1971). The bands of absorption of the water are shown to 1400 run (2s) and to 1900 mn (d + s), ‘TheFigure 2
presents the characterktic f~es of a gibbsite sample (HS423 of the libraryof USGS), from Brazil.
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Figure 2. Characteristic fixtures of a gibbsite sample (HS423 of the library of USGS), from Brazil.

2.3 Goethite (FeOOH) andHematite(FeZOJ

Gocthite(FeOOH)andhematite(FezOj)arethemostfrequent.lyoccurringferriciron(Fe”) mineralsfound
intropicalsoils.Theyresultbornthe oxidation of iron pre~ as Fcp+in primmy minerals in the soil forming
process.Tbc predominant of one or other of these mineralshas been relatedto pedoclimaticfactorsand the
understandingof their occurrenceis importantin the study of tropical soils.



These iron oxides have different reflectance fwtures in the visible and near inbred speetra. Some of these
fwtures are responsible for their colors: red for hematite and brown-yellow for goet.bite.Shermanand Waite ( 1985)
showed that the di.tkremx between the colors of those two minerals is determined by the transition 2(6A 1) =>
2(4T1 ), thathappen m 480 nm for the goethite and 530 nm for the hematite.

lle figure 3 shows the di.fhse reflectance spectn of a goethite (a) and htite (b). The goelhite sample
(WS222 - USGS speehal library) it is coming of Suptxior it Mines, Marquette, Michigan, while the one of hematite
(GDS27 - USGS s&e&d library), is a synth~c ~ple (BakerAnal@-Reagent),
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Figure 3. DifTbserefle@nee speetraof a goethite (a) andhematite (b).

2. METHODOLOGY

The adoptedmethodologies.1stepsare subdividtxlm 3 stages:atmosphericcorrectionand rtxiuctionof
AVIRISradianceto sealed surfacerefleetanee; gathering of soil samples m the fiel~ and speetro-radiometry and X-
my d.ifhetion analysis of soil samples.

—

The image of S~oJ030 DAlianP district,Goiifsstate (950816L2scene3) was selee$d due to the presemx
of bare soil areas associatedto topographicalvariations.



2.1 Atmospheric Correction and Reduction of AVIRIS Radiance to Scaled Surface Reflectance

l%is was done at INPE (National Inshtutc of Space Researches - Siio Josr5of Campos, Silo Paulo) using
Green’s method (Green et 4199 1), counting with the participaticm of Dr. Robert O. Green m the determination of
the cxmection pammeters.

lhat method is based on the model of radioactive transfer MODTRAN. Acmrding to Clark et al (1995) the
emection is accomplished by ad-g the oxygen, carbon dioxide and water levels of each pixel. Although it
spends 50 times more mmputer time than other models, this method is ccmsidered as one of the best procedures for
atmospheric eorretitm and dtivation of scaled surface reflectance fkom AVIRIS data.

2.2 soil sampling

Field work w conductedto samplethe main soil units. At the timeof the AVIRISflight most of the soil
surfacewas coveredby crop residues,which limited the bare soils to two fields:one representedby a uniform flat
(slope < 3%) area with clayeyDark Red Latosol (points 1and 2). The otherby a gently sloping (<8%) areawith
clayey Dark Red I.atosol (point 7), sandy loam Red Yellow Latosol (point 6), Cambisol (point 4) and Quartz sands
(jXi.ltts 3).

Soil Samples
AVIRIS 950816L02-03

Figure 4. Soil samples sites,

2.2 Radiometry and X-ray Diffraction Experiments

The radiomemy experinmts were accomplished in Embrapa/CPAC, being used a radiometer GER
(Geophysical & Environmental Research Corp.), model MARK V. That instrument has a spectml range of 300 to



2500 m with spectral bandwidth of 2 nm in the 300 nm 10
region.

000run region and 4 nm in the 000”to 2500 nm

X-my difliaction data wereobtainedfor the powder,between2 and 80°20, with step of sweepingof 0.02°
20 using an a&smus with a Cu tube and a Ni Wer. fie quantificationof the minerals was c&tained&th-the aid of
an analysisprogmrn- Jade for Windows@.

3. RESULTS

‘l’bespectralresults will be presentedconsideringhvo wavelengthintervals: 450 nm to 1100mu, visible
and near infraredand to 2000 run at 2400nnLshortwave infrared.

The mineralogicalcompositionof the A horizon of the sampledsoils, is presented in table 1.

Table 1. Mind compositionof the A horizon of the sampledsoils

Samples Hematite (%) Goethite (Yo) Kaolinite (%) Gibbsite (~0) Quartz (Yo)

1 7,8 2.9 47.7 26.1 15.5
2 8.5 3.4 37.9 30.0 20.3
3 0.5 0,8 3.3 0.0 95.4
4 1.5 1.3 17.4 4.5 75.3
5 2,0 0.4 11.9 2.3 83.4
6 1.3 1.2 10.2 2.5 84.8
7 4.0 0.6 29.3 10.8 55.4

Except samples 3 and 6, all the others presented more than 70% of hematite composing the free iron
oxides. The sample 3 present more g~te than hematite and the sample 6, very seemed values.

Sample 1,2 present the highest values of gibbsite, ahowing a high weathering degree. Sample 3, a Quartz
Sand (Quartzpsament),presented no gibbsite. In samples 3 to 6 kaolinite clearly prevails over gibbsite, Sample 7
presented an intermediate value gibbsite. These variations m the kaolinite/gibbsite proportions are a good example
of the vadility of the weathering degree usually found in Central Plateau of Brazil.

Figures 5 to 10 present X-ray difhactograms and reflectance spectra (2000 to 2400 run) obtained m the
laboratoryand with AVfRIS for selected samples, Sample 1 presentedhigh kaolinite and gibbsite values as
evidenced by thediffractograrn(10° to 20° 20) of figure 5. The spectraof figure 6 show the f-es that can be
attributedto Iaolinite and gibbsite m the data obtained m laboratoryas well as with AVIFUS. Similar results Me
observed for sample 2 (figures 7 and 8). It is importantto note that variationsm the rnttxusitiesof the f-es
attributableto kaolinite and gibbsite m samples 1 and 2 m the di.fhctogram are also found m the refletice specma.
Results for the sample 3 (Quartzpsatnents)with low contents of kaolinite and absence of gibbsite me presented m
figures 9 and 10 showing agreement between X-xay and reflectance data.MadeiraNetto(1993) has repoxteda good
correlationbetween the intensity of absorption of kaolinite and gibbsite measured m difiise reflectance spectraand
contents of those minerals m Iatosols. This authorhas also derived an rndexfrom kaolinite and gibbsite rnteasities of
absorption that comelates strongly with the ratio of kaolinite and gibbsite contmts m the soil which is very usefkl for
edrnating the weathering degree of soils from reflectance data. Since a very limited amount of data is available,
these relationships could not be tested for AVIFUSdata. However the trendsobserv~ indicates the potential of this
hyper$pectralimages for quantification ptnposes of those impmtant minerals.
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Figure 6. Spectral curves of soil sample 1 in short wave in.tiared region.
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Figure 7. Difklogram of soil sample2.
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Figure 8. Spectml curves of soil sample 2 m shofi wave infrared region,
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Figure 9. Dif&aetogram of soil sample 3.
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Figure 10. Spectral curves of soil sample3 m shoxtwave infraredregion.
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Figure 11. Spectral curves of soil samples 1 (a), 2 (b) and 3 (c) m visible and near infraredregion.

Figure 11showsthe visibleto near infraredspectra(400nm -1100 nm) of point 1,2 and 3 obtainedwith
GER- MARK V speclroradiometerand with AVIRIS.‘Ile generalshapesof the curvesobtainedm the laboratory
are similar to the ones repoxtedby Valerianoti al (1995) for the comsponding soil types. The strongfeature
observedat 1050mu is due to detectordumge during data acquisition.lhe other f-es are due mainly to Fe3+
electronichanaitions: close to 450 and 900nm m a broad concaveshape and an inflection closeto 650nm, me
position of the minima close to 450nm is the detmmmm“ “ g fiwtorfor the diflkrenws m soil color and are relatedto
the go&hite/ hematite relative CQIUposition(Mad&a Netto, 1997).The spectraobtainedby AVXRISpresent a clear
difhence fiwmthe ones obta.iml at laboratorymainly m the 400 nm to 500nm range. Can be noticed that the
reflectancevaluesat 400 nm are set to Ofor all the spectra,This apparentabnoxrnalityseemsto be the origin of the
discrepanciesobservedin the blue-greenwavelength.The fwtures centeredat -650 nm and -900 nm canalso be
observedm the AVTRISspec~ althoughthe intensitiesare not as strongas m the MARK V spectra.

4. CONCLUSIONS

AVIRIS spectral data maybe a valuableaid m the studyof tropical soilmineral componen~ mainly m the
wavelengthrange where the c&aracteristicf~tures of lcaoliniteand gibbsiteare present.

Jn relation to the iron oxides,a problemwas detectm m the bludgreen regiou wherethe data of AVIRIS
don’tcorrespondto the spectraldata obtainedm laboratoW.Two hypothesesare umsidered a problemwith the
sensor system,becausethe first 4 bandspresent reflectancevalues equal to zero,for all the pixels of the imagtyor a
problem m the processing of atmosphericconecti~ that canhave suppressedthe tionnation of the first 4 bands.

The next steps will be adopted m that explorationof the potentialitiesof AVIRISwill rncludeto rncmase.
the number of the samples and of soil types Coverm more precise chemicalandmineralogical studies,m order to
defineproceduresuseti m the mineralogicalmapping for a betterundmtanding of the pedologicenvironnmt.
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